Microtunneling is a complex trenchless excavation process. Efficient microtunneling methods is 22 necessary to identify risk level problems that often require the integration of supporting 23 equipment and personnel. A clearer understanding of risk level problems will facilitate the 24 enhancement and modeling of risk assessments for future microtunneling projects. This study 25
evaluates the factors affecting the risk of a probabilistic analysis module, but the software 118 focuses on subway projects only (Hyun et al. 2015) . 119 120 Moganti (2016) developed a hierarchical safety risk assessment framework for 121 investigating the safety risks of HDD projects. The model focused on the factors and 122 characteristics of projects presented in two case studies. However, the model needs to be further 123 investigated and extensively evaluated using more real world case studies to be considered as an 124 efficient practice tool (Moganti 2016) . 125 D r a f t
Page 7 of 36 well as the importance and significance of these risk levels. The questionnaire analysis resulted 133 in twelve factors as shown in Table 1 . 134 Figure 1 shows the flow chart of detailed work tasks involved in this study to achieve the 144 objectives of this research. The proposed framework consists of five main sections. It begins 145 with a comprehensive literature review followed by data collection. Data collection is conducted 146 by a pilot survey to determine the most remarkable factors, which affect the risk level problems 147 of microtunneling process installation. The survey is conducted based on the experts' opinion of 148 contractors, engineers and manufacturers in the microtunneling industry. To classify the data into 149 homogenous groups, clustering analysis techniques are utilized to identify a group of cases based 150 on the similarity of the variables in these groups. In the clustering analysis technique, the 151 hierarchical method is performed first to define the number of clusters, then the K-means cluster 152 analysis is used to form the clusters. An AHP model is utilized to assess risk level prediction The experts were asked to mention and rank the effect a number of factors had on the prediction 164 of risk levels in microtunneling projects. The data results were based on 12 factors. The 165 questionnaire asked the respondents to rate the importance of variables using a 1-5 scale. 166
Because Saaty (1980) recommended a fuzzy scale of 1-10, the rating of each factor was 167 converted from a 1-5 scale to a 1-10 scale using proportional percentages as shown in Table 2 . 168 169 Clustering is a multivariate learning method that aims to sort a sample of subjects/objectscluster analysis is to classify the data set based on the assumption that the sets belonging to the 177 same clusters are as similar as possible (Elwakil 2011). In addition, cluster analysis is used to 178 identify groups of cases if the grouping is not previously known. Cluster analysis can be carried 179 out using a number of different methods. The methods can be classified as follows: 180
181
• Hierarchical method, which is the most common method, consists of two sub 182 methods as shown below. 183 -Agglomerative methods: start from n clusters, to get to one cluster. 184 -Divisive methods: start from one cluster, to get to n cluster. 185
• Non-hierarchical ways referred to as the K-means clustering method is a 186 methodology used to quickly cluster large knowledge sets, which usually takes a 187 short amount of time to reason with the most popular class-conscious cluster 188 analysis. 189
• Two-step cluster analysis takes a while to compute with the preferred hierarchical 190 cluster analysis. 
2-K-Means Cluster Analysis 242
After determining the number of clusters from the hierarchical clustering analysis, apply the 243 K-Means method: 244
• Repeat the analysis using the K-Means technique. 245
• Set 4 as the number of clusters. 246
• Save cluster membership for each case as shown in Table 4 . 247
We convert the four clusters into a fuzzy scale that ranges from Very low to High risk 248 assessment level as shown in Table 5 . 249 250 The pair-wise comparison matrices that were applied between the qualitative variables, 276 which is a reciprocal matrix, were constructed as shown in Table 6 . The matrix has a value of 277 "1" in the main diagonal, and elements below the main diagonal are reciprocal to the elements 278 above it (a ji =1/ a ij ). The value of each a ij is calculated from the questionnaire responses. 
3-Assigning Priorities 287
To attain the weight of each factor, the AHP methodology is applied to these factors. 288
Consequently, all pairwise comparison matrices, for main factors and subfactors, are filled with 289 numerical values, which represents the importance of each factor against the others. 290 291
4-Establish Priority Vector 292
In this step, the authors use Saaty's methodology to calculate the eigenvector or weighting vector 293 (Wi) for each pairwise matrix (Saaty 1999). The weight of each factor demonstrates this factor 294 among the other factors; however, the total value of these weights for each matrix is equal to 295 one. 296 297
5-Consistency Analysis 298
In this step, we verified if the consistency of a pair-wise comparison matrix that results in 299 the factors' weights can be considered. If the matrix is consistent, the weights are accepted. The values of the CI of the main matrix is approximately zero; and consequently CR 310 value is zero, which is less than 0.10. Overall, the matrix is consistent and verified. 311 312
6-Trenchless Technology Risk Level Assessment Model 313 314
The last step of the AHP assessment model is to obtain the risk level assessment value 315 using Equation 7 on a scale from 0-100. The equation combines the different priority matrices 316 with the efficiency rating score which results in generating a risk level assessment value by a 317 summation of the results. According to this procedure, the risk level value can be calculated 318 using the following formula: 319 The previous steps were followed to analyze the responses of the questionnaire for the 328 qualitative factors. In the AHP model, the factors were ranked according to importance as shown 329 in Figure 3 . We found that the most effective factor in risk level problems is acts of God 330 followed by water level change, M/T breakdown, pipeline leakage, injuries, and mislead of laser. 331
On the other hand, insufficient torque, ground settlement, schedule failure, soil condition change, 332 unforeseen conditions, and obstacles were the lowest ranked factors on the risk level factors in 333 the current study. The resulting weight after multiplying the eigenvector and the worth value of 334 each factor is shown in Table 7 . This value can be interpreted as a multiplier to the risk 335 assessment prediction models of microtunneling projects to consider the combined effect of the 336 risk condition levels. The validation process is to guarantee that the developed models best fit the available 346 data. To validate the AHP model, we divided the collected data into two data sets: 80% of data 347 for building the model, while 20% is for validation. We selected the validation data set (20%) 348 randomly and kept it as we developed the AHP model. Then we compared the predicted results 349 with the real values of the validation data set, as shown in Table 8 Tables   457   Table 1 
